The objectives of this study were (i) to determine whether blastocyst-induced responses in endometrial explants were detectable after 6-or 24-h co-culture in vitro; (ii) to test if direct contact is required between embryos and the endometrial surface in order to stimulate endometrial gene expression; (iii) to establish the number of blastocysts required to elicit a detectable endometrial response; (iv) to investigate if upregulation of five interferon-stimulated genes ( 
Introduction
In cattle, the embryo descends into the uterus from the oviduct between Day 4 and 5 after insemination, at approximately the 16-cell stage (Hackett et al. 1993) . By Day 7, the embryo develops to a blastocyst, characterized by the differentiation of two cell types: the inner cell mass, which will give rise to the fetus, and the trophectoderm, which will form the placenta later in development. By Day 8-9, the blastocyst hatches from the zona pellucida and develops sequentially into an ovoid (Day 13), and then tubular structure (Day 14) , which subsequently begins to elongate to form a filamentous conceptus (Degrelle et al. 2005) , occupying the entire length of the ipsilateral horn by Day 19, when implantation is initiated.
Up to the blastocyst stage, development is independent of uterine signaling, as illustrated by the relative ease with which blastocysts can be produced in vitro. However, after hatching from the zona pellucida, the bovine embryo becomes entirely dependent on uterine secretions for its further development. This is demonstrated by the fact that blastocysts fail to undergo elongation in vitro (Alexopoulos et al. 2005) , while they will do so if transferred to synchronized recipients (Clemente et al. 2009 ). The importance of uterine luminal fluid is further demonstrated by studies in which ablation of uterine glands in ewes resulted in a failure of blastocysts to elongate after transfer (Gray et al. 2002) .
Pregnancy recognition in cattle is initiated around Day 15-16, both at the physiological and transcriptomic level. Prior to that time, strong evidence of embryo/ pregnancy-induced changes in the endometrial transcriptome is lacking , Bauersachs et al. 2012 ; in those two studies, differences in the transcriptome between pregnant and cyclic animals were not detected prior to Day 15-16, by which time the conceptus is secreting copious amounts of interferon-tau (IFNT), the pregnancy recognition signal (Forde & Lonergan 2017) . Nonetheless, the first week of development is critical as evidenced by the fact that, at least in high-producing dairy cows, about 50% of embryos are no longer viable by Day 6-7 (Sartori et al. 2010) . Whether communication between the embryo and endometrium at this stage is important remains to be demonstrated convincingly. There is unequivocal evidence that when development occurs in vivo, blastocyst quality is improved in terms of ultrastructure (Rizos et al. 2002a) , gene expression profiles (Lonergan et al. 2003a,b) , cryotolerance (Rizos et al. 2002b) and pregnancy rate after transfer (Hasler et al. 1995) compared to when blastocysts are produced in vitro. However, evidence of a reciprocal effect of a single embryo on the cells of the oviduct and/or uterus is more difficult to detect.
Several groups, including our own, have reported the use of multiple embryo transfer to study early embryo development and maternal communication (Clemente et al. 2011 , Ledgard et al. 2012 , Spencer et al. 2013 , O'Hara et al. 2014 , Gómez & Muñoz 2015 . Through amplification, such an approach may facilitate the identification of molecular changes that would otherwise be difficult to observe under physiological conditions when a single embryo is present. For example, transfer of large numbers of embryos to the oviducts of recipient heifers resulted in detectable alterations in the transcriptome of the epithelial cells, which were not detectable in the presence of a single embryo (Maillo et al. 2015) . Furthermore, while we did not detect differences in the proteome of uterine lumen fluid in pregnant and cyclic heifers at Day 7 , differences have been reported following transfer of large numbers of embryos (up to 60) to recipients from Day 5 to Day 8 (Muñoz et al. 2012) .
In vitro studies have demonstrated that preimplantation embryos secrete a variety of biochemical messengers, embryotropins, which act in an autocrine manner to promote embryonic development (reviewed by Wydooghe et al. 2015) . For many of these factors, expression of corresponding receptors in the uterus has been identified, the activation of which could lead to cellular and tissue responses in regions that are in close physical contact with the embryo. Others have reported that the early bovine embryo (from Day 5 to Day 9) induces an anti-inflammatory response in uterine epithelial cells and immune cells in vitro (Talukder et al. 2017) and that uterine flushings from Day 7 superovulated and inseminated cows stimulated expression of interferon-stimulated genes (ISGs) and immune-related genes in peripheral blood mononuclear cells (Rashid et al. 2018) . Therefore, if factors secreted by the pre-elongating embryo enhance changes in the transcriptome and in the proteome of the endometrium, those changes are most likely to be local in nature and may not be detectable using crude methods of sample collection (Fazeli & Holt 2016) . Thus, there is a need to adopt alternative approaches to detect such local embryo-induced changes in the endometrium during the very early stages of pregnancy.
Most recently, local embryo-induced alterations in the endometrial transcriptome from spatially defined regions in response to the presence of a Day 7 bovine embryo were reported (Sponchiado et al. 2017) . In that study, the presence of an embryo altered the abundance of 12 transcripts in the cranial part of the uterine horn ipsilateral to the corpus luteum, including classical ISGs (ISG15, MX1, MX2, OAS1Y) , genes involved in prostaglandin biosynthesis (PTGES, HPGD, AKR1L4), water channels (AQP4) and a solute transporter (SLC1A4); however, the extent of change was relatively minor in nature ranging from 1.35-to 2-fold. Based on this, we hypothesized that the blastocyst induces local changes in the endometrial transcriptome through the production of interferon-tau and potentially other diffusible factors. The specific objectives of this study were (i) to determine whether embryo-induced responses in uterine endometrial explants were detectable after 6-or 24-h co-culture in vitro; (ii) to test if direct contact is required between embryos and the endometrial surface in order to stimulate endometrial gene expression; (iii) to establish the optimum number of blastocysts required to elicit a detectable endometrial response; (iv) to investigate if upregulation of candidate ISGs in the endometrium in response to exposure to Day 8 embryos in vitro was specific to the blastocyst stage and (v) and to test if alteration in endometrial gene expression can be induced by blastocyst-conditioned medium.
Materials and methods
Unless otherwise stated, all chemicals were sourced from Sigma-Aldrich.
In vitro embryo production
Bovine ovaries were collected at a local abattoir and transported to the laboratory in ~37°C saline (0.9% w/v) within 4 h. Cumulus-oocytes complexes (COCs) were aspirated from surface visible antral follicles using a 19-gauge needle attached to a 20 mL syringe. In vitro maturation, fertilization and culture were carried out using standard procedures. Briefly, COCs were matured for 18-22 h in maturation medium consisting of TCM 199 Earle's-buffered, 0.02 IU/mL FSH, 0.02 IU/mL LH, 100 IU/mL penicillin, 100 µg/mL streptomycin, 10% (v/v) FCS and 0.045 mM l-glutamine and 0.2 mM sodium pyruvate, under oil and incubated at 38.5°C in an atmosphere of 5% CO 2 in air with maximum humidity. Matured COCs were inseminated with a pool of frozen-thawed sperm from three highly fertile bulls. Motile sperm were separated using a swim-up procedure by placing 180 µL thawed semen under 1 mL of Sperm TALP (Parrish et al. 1985) and incubating at 38.5°C. After 90-min incubation, 800 µL of the upper fraction was removed and centrifuged for 20 min at 800 g to pellet the sperm. The pellet was resuspended in 100 µL Sperm TALP to sperm concentration, which was adjusted to give a final concentration of 1 × 10 6 sperm/mL. Fertilization (=Day 0)
www.reproduction-online.org Reproduction (2018) 156 219-229 was carried out in 24-well dishes, each well with a working volume of 500 µL. Fertilization medium was a modified TALP (Ball et al. 1983) , consisting of 1.8 U/mL heparin, 200 mM caffeine and 6 mg/mL fatty acid-free BSA. Gametes were co-incubated at 38.5°C in an atmosphere of 5% CO 2 in air with maximum humidity. At approximately 22 h post insemination, presumptive zygotes were denuded of surrounding cumulus cells and accessory sperm and cultured in groups of 40 in 1 mL wells of modified KSOM with 0.5X non-essential amino acids, 3 mg/mL fatty acid-free BSA, 100 units/mL penicillin and 100 µg/mL streptomycin, under oil and cultured at 38.5°C in an atmosphere of 5% CO 2 in air with maximum humidity until Day 8.
Endometrial explant procedure
Bovine uteri from females estimated to be between Day 5 and 10 of the estrous cycle were collected at a local abattoir from post-pubertal non-pregnant heifers. Staging of the tracts was based on the study of Ireland et al. (1980) . Uteri were kept on ice until further processing in the laboratory and processed as described by Borges et al. (2012) . Briefly, the external surfaces of the uterus were washed in 70% ethanol and the uterine horn ipsilateral to the corpus luteum was opened longitudinally with sterile scissors. The exposed endometrium was washed in Dulbecco's phosphate-buffered saline solution (D-PBS) supplemented with 100 IU/mL penicillin, 100 µg/mL streptomycin and 0.25 µg/mL amphotericin B. Tissue was collected from the intercaruncular areas of the endometrium from the distal part of the uterine horn (upper third) ipsilateral to the corpus luteum using a sterile 4 mm diameter biopsy punch (Stiefel Laboratories Ltd, High Wycome, UK). Each explant was immediately transferred to Hank's balanced salt solution (HBSS) supplemented with 100 IU/mL penicillin, 100 µg/mL streptomycin and 0.25 µg/mL amphotericin B, before washing twice in unsupplemented HBSS. Under sterile conditions within a class II biological safety cabinet, explants were transferred to 24-well plate, so that each well contained a single explant in 1.0 mL of complete medium. Complete medium comprised Roswell Park Memorial Institute medium (RPMI 1640), supplemented with 100 IU/mL penicillin, 100 µg/mL streptomycin and 0.25 µg/mL amphotericin B.
The explants of intact endometrium were orientated with the epithelial surface uppermost and cultured in a humidified atmosphere with 5% CO 2 in air at 38.5°C. The culture medium was changed twice (every 2 hours) before applying the specific treatment, according to the experimental design.
In each of the five experiments, each treatment was applied to explants from the same uterus, and this was replicated across multiple animals.
Experiment 1: embryo-induced responses in uterine endometrial explants after 6-or 24-h co-culture
The aim of this experiment was to determine whether embryo-induced responses in uterine endometrial explants were detectable after 6 or 24 h co-culture in vitro. Twenty zona-enclosed in vitro-produced Day 8 blastocysts were cultured within a polyester mesh (Matoba et al. 2010) for 6 h or 24 h on an endometrial explant (n = 8 replicates) in 1 mL RPMI medium (Fig. 1 ). Control explants were cultured with the mesh but in the absence of embryos. In the absence of a mesh, a proportion of embryos tend to roll off the explant (possible due to the movement involved in placing the culture dish in the incubator and/or barely perceptible vibrations in the incubator). After incubation, explants were snap frozen and stored at −80°C until RNA extraction, reverse transcription and quantitative PCR analysis. The 18 transcripts analyzed are shown in Table 1 .
Experiment 2: differences in the transcriptomic response of endometrial explants when cultured with or without direct contact with Day 8 blastocysts
The aim of this experiment was to test if direct contact is required between the embryo and the endometrial surface in order to stimulate endometrial gene expression. While the mesh used in Experiment 1 works well, it is somewhat laborious to use and, in some cases, it too can fall off the explant. Endometrial explants, collected from the same uterus, were cultured for 6 h with medium alone (Control) or with 20 Day 8 blastocysts using a cell culture insert with a 12 µM pore size (Millipore) (preventing direct contact) or a polyester mesh (direct contact) to retain the embryos directly above the endometrial surface (five replicates in total) (Fig. 2 ). After incubation, explants were snap frozen and stored at −80°C until RNA extraction, reverse transcription and quantitative PCR analysis.
Experiment 3: effect of exposure to 0, 1, 5, 10 or 20 blastocysts on endometrial explant gene expression
The aim of this experiment was to test the sensitivity of endometrial explants to the presence of increasing numbers of blastocysts in terms of expression of ISGs. Endometrial explants, collected from the same uterus, were cultured for 6 h with medium alone (Control), 1, 5, 10 or 20 Day 8 blastocysts, three replicates in total. After incubation, explants were snap frozen and stored at −80°C until RNA extraction, reverse transcription and quantitative PCR analysis. The aim of this experiment was to investigate if the transcriptomic response of the endometrium was dependent on the developmental stage of the embryo and was not simply a general inflammatory response. For this purpose, endometrial explants, collected from the same uterus, were cultured for 6 h with medium alone (Control), matured denuded oocytes, 2-cell embryos, Day 5 morulae or Day 8 blastocysts (n = 20 for each developmental stage and five replicates in total). Cell culture inserts with a 12 µM pore size were used during the 6 h culture to ensure the embryos were directly above the endometrial surface. After incubation, explants were snap frozen and stored at −80°C until RNA extraction, reverse transcription and quantitative PCR analysis.
Experiment 5: transcriptomic response of endometrial explants to blastocyst-conditioned medium
To extend the results of Experiment 2, the aim of this experiment was to test the effect of diffusible factors present in blastocystconditioned medium (BCM) on endometrial gene expression. For this purpose, endometrial explants, collected from the same uterus, were cultured for 6 h in culture medium (Control) or in BCM (four replicates in total). BCM was obtained by culturing 100 Day 7 blastocysts in 1 mL culture medium (RPMI) for 24 h. After 24 h, the blastocysts were removed from the RPMI and the medium was used to culture the endometrial explant for 6 h. Control medium was incubated in parallel during the 24-h conditioning period and was then used for explant culture for a further 6 h. After incubation, explants were snap frozen and stored at −80°C until RNA extraction, reverse transcription and quantitative PCR analysis.
RNA extraction and cDNA synthesis
Total RNA was isolated using TRIzol reagent (Molecular Research Center, Cincinnati, OH, USA) as per the manufacturer's instructions followed by on-column RNA clean-up using the Qiagen RNeasy mini kit (Qiagen). Briefly, 30 mg of tissue was homogenized in 1.0 mL of TRIzol using a steel bead and the Qiagen tissue lyzer (2 × 120 s at maximum speed). After homogenization, 100 µL of 1-Bromo-3-chloropropane was added to each sample. Following centrifugation (12,000 g, 15 min), the upper aqueous phase was transferred directly into an RNeasy column, and RNA was purified as per the manufacturer's instruction. RNA was quantified using a NanoDrop-ND1000 Spectrophotometer (Thermo Fisher Scientific Inc.), and all samples were shown to a have 260/280 nm ratio greater than 1.8. For each sample, cDNA was prepared from 500 ng of total RNA using the High Capacity cDNA Reverse Transcription Kit (Thermo Fisher Scientific) according to the manufacturer's instructions. The purified cDNA was then diluted in RNase-and DNase-free water up to a volume of 300 µL and stored at −20°C for subsequent analysis.
Quantitative real-time PCR analysis
Quantitative real-time PCR (qPCR) was used to investigate changes in endometrial gene expression due to treatment. Unless otherwise specified, all primers were designed using Primer-Blast software (https://www.ncbi.nlm.nih.gov/tools/ primer-blast/) ( Table 1) . Duplicate qPCR assays were performed in a total volume of 20 µL, containing 10 µL FastStart Universal SYBR Green Master (Roche Diagnostics Ltd.), 1.2 µL forward and reverse primer mix (300 nM final concentration), 2.6 µL nuclease-free water and 5 µL cDNA template on the ABI Prism 7500 Fast Sequence Detection System (Life Technologies), the appropriate positive and negative controls were included. Thermo-cycling conditions were as follows: 95°C for 10 min for one cycle, followed by 95°C for 15 s and 60°C for 1 min for 40 cycles. A dissociation curve was also added to ensure specificity of amplification. The presence of a single sharp peak in the melt curve analysis confirmed the specificity of all targets. A total of eight potential reference genes (GAPDH, ACTB, RPL18, PPIA, YWHAZ, RNF11, H3F3A, SDHA) were analyzed using the geNorm function with the qbase+ package (Biogazelle, Zwijnaarde, Belgium). For each independent sample set, geNorm was used to identify the best reference genes (Vandesompele et al. 2002) . The reference genes selected were Experiment 1: YWHAZ and RNF11; Experiment 2: RPL19 and RNF11; Experiment 3: RNF11 and SDHA; Experiment 4: PPIA and SDHA; Experiment 5: RPL19 and YWHAZ. They were shown to be the most stably expressed (average geNorm M ≤ 0.5) and were subsequently used to normalize the gene expression data for each experiment. A standard curve was included for each gene of interest as well as for the reference genes to confirm primer efficiencies for all targets were between 90% and 110%. The threshold cycle (C t ) for each sample was automatically calculated using the default settings within the SDS software (SDS 1.4, ABI). C t values were imported into the qbase+ analysis package. Data were normalized using the geometric mean of the reference genes as identified by geNorm. Relative expression values were automatically calculated by the software using a modified version of delta-delta C t method (ΔΔC q ; also known as ΔΔC T ) (Hellemans et al. 2007) . For Experiments 1, 2, 3 and 4 oneway ANOVA was performed on the log transformed data. For Experiment 5, as the data were not normally distributed, the Mann-Whitney test was performed. 
Results

Experiment 1: embryo-induced responses in uterine endometrial explants after 6-or 24-h co-culture
Culture of endometrial explants with in vitro-produced Day 8 blastocysts for 6 h and 24 h increased (P < 0.01) the relative abundance of five ISGs (MX1, MX2, OASY1, ISG15, RSAD2) (Fig. 3) . Expression of IFNAR1, IFNAR2, NFKB1, IL1B, STAT1, LGALS3BP, LGALS9, HPGD, PTGES, ITGB1, AKR1C4, AMD and AQP4 was not affected. There was no effect of duration of co-culture on transcript relative abundance; therefore, in all subsequent experiments, a co-culture of 6 h was used.
Experiment 2: differences in transcriptomic response of endometrial explant when cultured with or without direct contact with Day 8 blastocysts
No differences in gene expression for the five candidate ISGs were observed when endometrial explants were cultured for 6 h in direct contact or without direct contact with Day 8 blastocysts (Fig. 4) . The abundance of all five transcripts was increased (P < 0.05) in the presence of blastocysts, irrespective of direct or indirect contact. In agreement with Experiment 1, abundance of IFNAR2, NFKB1, STAT1, HPGD and PTGES was not affected by the presence of embryos. Based on the outcome, we used the cell culture inserts in all subsequent experiments.
Experiment 3: effect of exposure to 0, 1, 5, 10 or 20 blastocysts on endometrial explant gene expression
Culture of endometrial explants in the presence of five or more blastocysts increased (P < 0.05) the relative abundance of the five candidate ISGs with maximum alteration in abundance observed following exposure to 20 blastocysts (Fig. 5) . Therefore, all subsequent experiments were conducted with 20 blastocysts.
Experiment 4: transcriptomic response of endometrial explants to different stages of early embryo development
Culture of endometrial explants with Day 8 blastocysts for 6 h caused an increase (P < 0.01) in the transcript abundance of the five candidate ISGs. In contrast, exposure of explants to oocytes, 2-cell embryos or Day 5 morulae did not alter the relative abundance of the tested transcripts (Fig. 6 ).
Experiment 5: transcriptomic response of endometrial explants to BCM
The relative abundance of the five candidate ISGs was increased (P < 0.05) when endometrial explants were cultured for 6 h in BCM compared to the control (Fig. 7) .
Discussion
We have previously reported a lack of difference in the endometrial transcriptome ) and uterine lumen fluid proteome of pregnant and non-pregnant heifers on Day 7 post estrus. Here, we used an ex vivo model of intact bovine endometrium to amplify any potential embryo-derived signals to investigate potential local effects of blastocyst stage embryos on endometrial gene expression. We extended those observations by investigating how many blastocysts were required to induce the effect, whether this altered gene expression was specific to the blastocyst stage, whether direct contact between embryos and the endometrial surface was necessary to induce the endometrial response and whether the same effect can be observed in the presence of BCM.
The main findings of this study are (1) the ability to detect a response of the endometrium to the embryo is dependent on the number of embryos present, (2) the response of the endometrium to the early embryo is stage specific, (3) direct contact between the embryo and the endometrium is not required to induce expression of candidate ISGs and (4) diffusible factors present in BCM alter the expression of ISGs in the endometrium. The fact that blastocysts can be produced routinely in vitro in the absence of contact with the reproductive tract and subsequently establish a pregnancy after transfer to a recipient supports the notion that exposure of the reproductive tract to the early embryo, or vice versa, is not required for pregnancy. Consistent with these observations, previous global gene expression studies from our group ) and others (Bauersachs et al. 2012) failed to detect differences in gene expression between pregnant and non-pregnant heifers prior to Day 15-16. However, recent in vitro studies (Talukder et al. 2017 , Rashid et al. 2018 ) and one in vivo study (Sponchiado et al. 2017) have provided limited evidence of embryo-induced altered gene expression in the cells of the endometrium. Consistent with the latter study, in Experiment 1, exposure of endometrial explants to in vitro-produced Day 8 blastocysts for 6 h or 24 h caused a significant upregulation of five ISGs (MX1, MX2, OASY1, ISG15, RSAD2) . Expression of IFNAR1, IFNAR2, NFKB1, IL1B, STAT1, LGALS3BP, LGALS9, HPGD, PTGES, ITGB1, AKR1C4, AMD1 and Reproduction (2018) 156 219-229 www.reproduction-online.org AQP4, which have been reported to be altered by the early embryo in other studies (Sponchiado et al. 2017 , Talukder et al. 2017 , Gómez et al. 2018 was not affected. Sponchiado et al. (2017) Results of Experiment 3 demonstrated that more than five blastocysts were required to detect a significant increase in ISG expression, with maximum alteration in expression seen with 20 blastocysts; therefore, 20 blastocysts were used in all subsequent experiments. In Experiment 4, endometrial explants were exposed to mature oocytes or embryos at different stages of early development (two-cell embryos; Day 5 morulae; Day 8 blastocysts). Upregulation of the five candidate ISGs was only observed following exposure to blastocysts, suggesting that the response of the endometrium is most likely related to blastocyst-secreted IFNT and not simply a general inflammatory response. IFNT is the primary agent responsible for maternal recognition of pregnancy in cattle (reviewed by Bazer & Thatcher 2017 , Forde & Lonergan 2017 ) involving suppression of the endometrial luteolytic mechanism to maintain progesterone production by the corpus luteum via upregulation of oxytocin receptors in the endometrial epithelia of the uterus, thereby preventing the production of luteolytic prostaglandin F2 alpha (PGF2α) pulses. In the endometrium, IFNT induces or upregulates a large number of classical ISGs and regulates expression of many other genes in a cell-specific manner that are likely important for conceptus elongation, implantation and establishment of pregnancy (Hansen et al. 2017) .
Bovine embryos begin to express IFNT as the blastocyst forms (Farin et al. 1990 ), although there is considerable variability between individual embryos in the amount they produce (Hernandez-Ledezma et al. 1992) , which may be related to the origin of the embryo (Stojkovic et al. 1999) , the age at which blastocyst formation occurs (Kubisch et al. 1998 (Kubisch et al. , 2001a , the group size in which culture takes place (Larson & Kubisch 1999) , the medium composition (Stojkovic et al. 1995 , Wrenzycki et al. 1999 , Kubisch et al. 2001b , Rizos et al. 2003 or to the sex of the embryo (Larson et al. 2001) . In a previous study from our group (Rizos et al. 2003) , we observed a significantly higher level of expression of IFNT mRNA in blastocysts produced in the absence of serum, which was correlated with higher cryotolerance, consistent with the notion that mRNA levels for this transcript are higher in good-quality embryos. In agreement, Wrenzycki et al. (1999) reported increased levels of IFNT mRNA in hatched blastocysts produced in the presence of polyvinyl alcohol, compared with those in which serum was present. In contrast to these observations, transcripts levels for IFNT have been reported to be significantly higher in in vitro-cultured embryos compared with those derived in vivo (Wrenzycki et al. 2001 , Lonergan et al. 2003a . It may be that the temporal expression of IFNT transcripts is a better indicator of embryo quality than the absolute expression at a particular stage because the latter is known to vary widely (Hernandez-Ledezma et al. 1992) . Indeed, Kubisch et al. (1998) observed a negative relationship between early IFNT production and developmental competence.
In Experiment 2, endometrial explants were cultured with or without direct contact with Day 8 blastocysts for 6 h. We observed that direct contact was not required in order to enhance the transcription of the candidate ISGs. Similarly, we found medium conditioned by blastocyst culture was sufficient to enhance the transcription of those genes in the endometrial explants (Experiment 5). This is supported by previous work in which the biological activity of IFNT was detected in BCM, where blastocysts were produced in vitro or in vivo (Kubisch et al. 1998 , 2001a ,b, Kimura et al. 2004 .
Clearly, IFNT does not act on the endometrium in a vacuum and there are likely other conceptus-derived factors within the uterine environment that could influence endometrial gene expression. For example, the Day 13 bovine conceptus secretes prostaglandins that act locally in a paracrine manner to alter gene expression in the endometrium prior to pregnancy recognition in cattle (Spencer et al. 2013) . Furthermore, comparison of the protein content of the uterine luminal fluid from cyclic and pregnant heifers on Day 16 and Day 16 conceptus-conditioned culture medium revealed 30 proteins produced by the conceptus, which contribute to the composition of uterine lumen fluid around pregnancy recognition . Lastly, using an explant culture model similar to that described in the current study in the presence of IFNT or a conceptus, we have recently demonstrated that endometrial gene expression is altered by the conceptus in both an IFNTdependent and -independent manner , Sánchez et al. 2016 .
In conclusion, results from the present study contribute to the concept that the early embryo is capable of communicating with the reproductive tract. The effect on the endometrial transcriptome is dependent on the stage of embryo development and is due to diffusible substances, most likely IFNT, but potentially other factors also, secreted by the blastocyst. Direct contact is not required between embryos and the endometrial surface in order to upregulate ISGs and BCM alone is sufficient to stimulate a response. Failure to detect embryo/ pregnancy-induced alterations in gene expression in the endometrium in vivo prior to conceptus elongation in cattle in several studies is likely due to the small size of the embryo, which may elicit a very local effect on the endometrium that is undetectable by transcriptome analysis of a relatively large endometrial sample. The functional significance of such induced changes remains to be fully elucidated given that it is possible to transfer embryos from Day 7 onward to a uterus that has not previously been exposed to an embryo and achieve normal pregnancy rates.
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